Relative partial molar Gibbs energies of the Mg component substituted into the Zn site, Á " G G ). When the symmetric atomic configuration at the stoichiometric composition was violated by antisite substitution, the relative partial molar thermodynamic value of lattice defect was found to be very large.
Introduction
In the intermediate phase, the chemical potential of a component, i À i (¼ Á i ), changes from the minimum to the maximum values as a function of the composition. 1) Especially, in the intermediate phases with narrow solid solubility (< 0:01 mole fraction), such a change in Á i is very steep. Therefore, the composition change in the intermediate phases with narrow solid solubility appears to result from anti-site substitution. That is, such a steep change in Á i is likely to be caused by anti-site substitution. Relative partial molar thermodynamic values of such a lattice defect have been demanded to be measured for materials design.
Regading nonstoichimetric intermetallic compounds, the activities of components, a i , for PbTe, 2) PdTe 2 , 2) NiSb, 3) RhTe 2Àx 4) and FeAl 5) were measured by the vapor pressure method. Also, the formation energy of the vacancy in FeAl was measured by the positron annihilation spectroscopy. 6) Besides the metallic intermediate phase, Navtrosky 7) investigated the site preference energies of the cations in spinel structure oxides, in which high site freedom resulting from a large entropy of configuration were observed. Also, Navrotsky 8) succeeded in clarifying the enthalpies of formation of oxygen vacancies in La 1Àx Ba x Ga 1Ày Mg y O 3À . However, the thermodynamic values of the anti-site substitution for the metallic intermediate phases with narrow solid solubility (< 0:01 mole fraction) remain unsolved due to experimental difficulties.
In our previous studies, [9] [10] [11] [12] [13] [14] the entropies of mixing, Á mix S T , of the intermediate phases of Mg 0:48 Zn 0:52 , 9, 10, 13, 14) Mg 0:4 Zn 0:6 , 10, 11, 13, 14) Mg 0:333 Zn 0:667 10, [12] [13] [14] and Mg 0:154 -Zn 0:846 10, [12] [13] [14] were determined from measuring the heat capacities, C p , from near absolute zero (2 K) to 400 K by a relaxation method 15, 16) and from 400 K to 640 K by differential scanning calorimeter (DSC). 10, 16) Their enthalpies of mixing, Á mix H T , of them were determined by combining the heat capacities with the standard enthalpy of formation at 298 K, Á mix H 298 , obtained by acid-solution calorimetry by using a calorimeter in which a new thermo-electric device 17) was equipped. Their standard Gibbs energies of mixing, Á mix G T , were determined from the Á mix S T and Á mix H T .
In the present study, the chemical potentials of magnesium, Á Mg , in the intermediate phases were determined from the relationships between their Á mix G T values and their phase equlibria. Also, the relative partial molar Gibbs energies of the Mg component substituted into the Zn site, Á " G G
Mg on Zn site Mg
, in Mg 0:48 Zn 0:52 and Mg 0:4 Zn 0:6 were evaluated by assuming that the steep change in Á Mg in them was caused by anti-site substitution of the Mg atoms.
Data Analyses

Phase diagram of the Mg-Zn binary system
The studies for the phase diagram of the Mg-Zn binary system before 1958 were assessed on the basis of experimental data [18] [19] [20] [18] [19] [20] and thermodynamic modeling.
24) The solubility of the intermediate phases have been assessed in the updated phase diagram by Clark as shown in Fig. 1 23) empirically assessed that a 0.01 mole fraction expands to the Mg rich side from experimental studies. [18] [19] [20] 23) 2.2 Relative partial molar Gibbs energies of the Mg component substituted into the Zn site, Á " G G
Mg on Zn site Mg
In our previous studies, [9] [10] [11] [12] [13] [14] 25) succeeded in for clarifying the surface energies of nano-particles by differentiating their enthalpies of solution into an oxide melt with their surface area. In the present study, relative partial molar Gibbs energies of the Mg component substituted into the Zn site, Á " G G
, were studied in a similar way to that of the studies by Navrotsky et al. 8, 25) As described above in the section 2.1, there is a low solid solubility limit in the intermediate phases of Zn 0:52 were found to be very decerased, indicating that the stability of zinc atoms was significantly increased by the anti-site substitution of magnesium at the zinc sites. Such a significant increase in stability of zinc atoms appears to be the reason that the anti-site substitution is limited up to 0.01 mole.
Results
Discussion
There had not yet been experimental thermodynamic values for anti-site substitution of the intermediate phase with narrow solubility. However, thermodynamic values for antisite substitution in the nonstoichiometric ordered phase with wide solubility were estimated by the first principle calculation, 26) associated with that alloying elements are usually substituted into anti-site in such a phase for improving properties. Sui et al. 26) estimated theoretically the internal energy of the Fe components substituted into the Pt site, ÁU When symmetric atomic configuration at the stoichiometric composition was violated by anti-site substitution, the relative partial molar thermodynamic value of lattice defect was found to be very large.
The residual entropies 28) in the intermediate phases resulted from the Mg atoms occupying the Zn site as the anti-site were discussed. Such residual entropies are difficult to be experimentally determined. According to the very large Á Mg on Zn site Mg , the Zn site occupied by Mg atoms are never a random distribution, but should be restricted, that is, in a short range ordered configuration. Therefore, the residual entropies are likely to be small in comparison with the very large values of Á Mg on Zn site Mg . Finally, the methods to control Á i (solid) in the intermediate phases as the specific values were discussed. One of the methods suggested was to control the chemical potentials in the gas phase, Á i (gas), as a function of fugacity, f i , surrounding the intermediate phase. When Á i (gas) is controlled, Á i (solid) results in the value equilibrated with the Á i (gas). Switching off the subject matter from metallic compounds to bio-organic compounds in living things, the Á i values of hydrogen, carbon, nitrogen and oxygen as components appear to be easily kept as the specific values by exchanging such components with H 2 O, CO 2 , N 2 and O 2 in the air. On the other hand, for the metallic compounds, many problems have remained unsolved for controlling the specific Á i values. Relative partial molar thermodynamic values of lattice defects of various kinds of materials should be further investigated to control the Á i values.
Conclusion
Relative partial molar Gibbs energies of the Mg component substituting into the Zn site, Á " G G ). When symmetric atomic configuration at the stoichiometric composition was violated by anti-site substitution, the relative partial molar thermodynamic value of lattice defect was found to be very large.
